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QCD 
l  QCD plays a major role in basically every physics process under 

discussion in the Snowmass workshop 
l  When we talk about precision physics, or discovery physics, we 

need to understand the role of QCD corrections 

 
l  Thus, we have an overlap, and hopefully a synergy, with every 

physics group in this workshop 
l  We have tried to exploit this synergy at the BNL meeting by having 

only joint sessions, with EWK, Higgs, top and QCD computing 
◆  we can talk to ourselves anytime 

l  Thus, there may be an overlap in slides, but hey I’m going first… 
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Charge 
l  The charge for the QCD group (like every other group) is to 

determine the 
1.  current state of the art 
2.  what is likely/priority for the next 5 years? 
3.  what is likely/priority for longer time scale (20 years)? 

l  Of course a) is the easiest, b) is less so and parts of c) are in the 
realm of pure speculation 

l  We have broken down each question into a series of more definite 
sub-issues that should be addressed. For details, see my talk at 
the kickoff meeting at Fermilab.  

l  This talk will concentrate on issues discussed in this meeting, as 
well as those that have developed over the course of the last 6 
months, both in Snowmass QCD meetings/discussion as well as in 
(pre-)Les Houches work 
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…keeping in mind not only the LHC, but… 

future machines, especially 
hadron colliders 
 
…sorry, not much work on  
linear colliders so far 
 
unitarity 
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PDFs 
l  I gave a talk at this meeting on ‘PDFs for the LHC’ reporting specifically on 

some new benchmark results at NNLO (arXiv:1211.5142) 

improvements 
from 2010 to 
2012… 
 
…and from NLO 
to NNLO 
 
so Higgs PDF 
uncertainty under 
good control 
 
αs uncertainty 
still +/-0.002 
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PDFs 
l  But what about at high mass? 
l  Are we going to believe a 50% 

excess at multi-TeV dijet masses, 
especially if we believe that it’s 
produced by a gg initial state? 

l  These are 68% CL PDF errors 
l  We assume that we can 

extrapolate from 68% to 90%CL 
(CT PDF uncertainties actually 
performed at 90%CL) 

l  What about non-Gaussian 
behavior going to 95%, 98%? 

l  CT can use Lagrange Multiplier 
technique to look at this; NNPDF 
can use their Monte Carlo 
approach 

l  This is something we will do for 
the Snowmass report 
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PDFs 
l  What about uncertainties for 

higher energies 
◆  13 TeV 
◆  33 TeV 
◆  100 TeV 

l  To first order, can just rescale 
horizontal axis for the plots to the 
left 
◆  but uncertainties do decrease 

with increasing Q2 

l  So this is an approximation of the 
gg uncertainty for gg->Higgs (125 
GeV) at 33 TeV 

l  We can calculate exactly the 
uncertainties for the different 
energies 

l  This is something we will do for 
the Snowmass writeup 
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Using LHC data to improve PDF precision 

…and the 
experimental 
precision  
achieved for tT 
production at 
the LHC, plus 
the completion 
of the NNLO 
tT cross section 
means that top 
production is 
an important  
PDF benchmark 
 
…but we need 
NNLO tT 
differential 
cross sections 
for full 
exploitation 
 correlated systematic error  

information crucial 
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Uta Klein: Drell-Yan 

…no real improvement in αs uncertainty, though, IMHO 
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Do we need an LHeC? 

Voica Radescu   (see also Max Klein at https://indico.cern.ch/conferenceDisplay.py?ovw=True&confId=226756)  
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Question 1 
l  Les Houches NLO 

wishlist, started in 2005, 
and incremented in 2007 
and 2009 was officially 
closed in 2011, since all of 
the calculations on the list 
were complete, and there 
are no technical 
impediments towards 
calculations of new final 
states, either with 
dedicated or semi-
automatic calculations 

l  Note that dedicated 
calculations can be factors 
of 10 faster than semi-
automatic  
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For Snowmass report 
l  Calculate cross sections 

(LO and NLO, and in 
some cases NNLO) and 
uncertainties for a 
number of  benchmark 
cross sections for higher 
energy pp accelerators 

l  Use MCFM for starters 
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What’s next for the Les Houches NLO wishlist? 

l  Nothing: I’ve retired the NLO wishlist 
l  It’s being replaced by a NNLO wishlist plus a wishlist for EW 

corrections for hard processes 

done 

gg done; full by end of year? 
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NNLO wishlist: continued 

gg done; full by end of year? 
 

by end of year? 

<2 years 
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Radja Boughezal  

so sizeable  
increase of  
cross section 
in going to  
NNLO 
 
clear  
implications for 
Higgs+jets 
studies going on 
by ATLAS and 
CMS 
 
what can we  
guess for Higgs 
+ 2 jets? 

arXiv:1303.4405 
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Richard Gerber 

higher order 
calculations very 
CPU-intensive 
 
we’re not making 
as much use of 
existing HPC 
resources as we 
could 
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Higgs+jets (binned cross sections) 
Jianming Qian 

uncertainties for  
exclusive (fixed order) 
cross sections 
can be much larger 
than for inclusive  
cross sections 

since cross sections are uncorrelated, 
add in quadrature 
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Higgs+jets (binned cross sections) 

resummation for Higgs + 0 jet 
and for Higgs + 1 jet has lead 
to sizeable reduction in scale 
uncertainty 

we need to revisit the formulation of the  
uncertainties for binned jet Higgs cross 
sections 
 
this is a task for Snowmass/ 
Les Houches 
 
also investigate jet veto effects for higher 
energy accelerators 
 
 

Xiaohui Liu 



!
!

NLO ME+PS 
l  There are several 

frameworks now, such as 
Sherpa and aMC@NLO, 
in which multiple jets can 
be included at NLO, with 
additional jets at LO, with 
additional additional jets 
via the parton shower 

l  For example, Higgs + 0, 
1 and 2 jets at NLO, with 
up to 3 additional jets at 
LO (matrix element) in 
Sherpa 

l  The result is a MC 
dataset similar to what is 
seen in the data, with a 
NLO(+NLL) accuracy 

l  This is a good framework 
to try to further 
understand Higgs cross 
sections plus their 
uncertainties 

l  Snowmass + Les 
Houches project->do the 
above 
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Beyond NNLO 
l  Note the considerable 

flattening of the scale 
uncertainty at approximate 
NNNLO 

l  Note also the importance of 
including BFKL logs in 
addition to soft logs 

l  Note also that the net result is 
an increase in the (gg->) 
Higgs cross section that we 
currently use for our 
comparisons 

l  Snowmass+Les Houches 
project: investigate effects of 
BKFL logs in resummation for 
the higher energy 
accelerators, plus the explicit 
expected effects of BFKL logs 
in hard scattering processes, 
a la HEJ, compared to fixed 
order predictions for multi-jet 
final states, such as from 
Blackhat+Sherpa 

Plot produced by Marco Bonvini 
Paper==‘Higgs production in gluon fusion beyond 
NNLO’, R. Ball et al; arXiv:1303.3590 
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QCD+EWK 

l How well do we know 
the DY cross section 
for a mass of 2 TeV? 

l Would we recognize 
a real deviation from 
SM, say a broad 
resonance, if we saw 
it?  
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Uta Klein 
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QCD+EWK effects 
A.  Vicini: there has been a great deal of  
progress in the last few years, but all of the 
separate pieces have not been put together 
in a common framework, allowing a ‘best’ 
estimate of cross sections and uncertainties 

Les Houches project: 
put those pieces  
together 
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Photon PDFs: Carl Schmidt 

photon PDFs can be  
larger than anti-quarks 
at high x 
 
the LHC (and higher  
energy machines) is a  
γγ factory 
 
Snowmass+Les Houches 
project: investigate this 

significant fraction  
of high mass WW 
pairs from γγ, even 
after kinematic cuts 
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The future looks bright 
l  …but the future also looks busy 
l  Given the schedule presented, 

much of this work needs to be 
done before Les Houches (June 
3-23) 

l  We’ll be calling you 
l  But much of it will also be done at 

Les Houches and after 
l  And if it doesn’t make it into the 

Snowmass report, it will make it 
into the Les Houches 
proceedings  
◆  ~Feb 2014 

l  Our next meeting will be after 
Loopfest on May 16 (Florida 
State) 

l  I’ll also try to organize a meeting 
from Les Houches 


